Rear limb paralysis in market age swine occurs sporadically and can be attributed to a variety of causes, including fractures, spinal abscesses, and ischemic myelomalacia due to cartilage (fibrocartilage) emboli from the nucleus pulposus. 11, 16 Cartilage emboli resulting in ischemic myelomalacia have been reported in several species, most commonly in adult large-and giant-breed dogs and rarely in swine. [4] [5] [6] 9, 10, [14] [15] [16] In a recent report, there was a high incidence of rear limb paresis/paralysis in a large group of finishing pigs caused by ischemic myelomalacia due to fibrocartilage emboli in the spinal cord. 3 However, no factors were identified in the affected pigs that predisposed them to development of cartilage emboli. In this follow-up report to that case, we describe an additional group of finishing pigs with ischemic myelomalacia caused by cartilage emboli. These pigs also had chronic diskospondylitis.
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Rear limb paralysis in market age swine occurs sporadically and can be attributed to a variety of causes, including fractures, spinal abscesses, and ischemic myelomalacia due to cartilage (fibrocartilage) emboli from the nucleus pulposus. 11, 16 Cartilage emboli resulting in ischemic myelomalacia have been reported in several species, most commonly in adult large-and giant-breed dogs and rarely in swine. [4] [5] [6] 9, 10, [14] [15] [16] In a recent report, there was a high incidence of rear limb paresis/paralysis in a large group of finishing pigs caused by ischemic myelomalacia due to fibrocartilage emboli in the spinal cord. 3 However, no factors were identified in the affected pigs that predisposed them to development of cartilage emboli. In this follow-up report to that case, we describe an additional group of finishing pigs with ischemic myelomalacia caused by cartilage emboli. These pigs also had chronic diskospondylitis.
Market weight swine in a production unit with approximately 1,800 grow-finish swine developed a high incidence of acute rear limb paralysis following transportation to market (25/1,800 swine affected). 3 These swine were from a high-lean, heavily muscled genetic line that had a rapid growth rate, and they were extremely large (127 kg) when transported. Nine of these paralyzed swine were submitted to the Iowa State University Veterinary Diagnostic Laboratory (ISU-VDL) for necropsy. All 9 of these swine had ischemic myelomalacia associated with cartilage emboli in spinal cord vessels. However, abnormalities in the spine were not detected, and a predisposing cause for the cartilage emboli was not discovered. Several weeks later, acute rear limb paralysis developed in several market weight swine in additional groups (500 swine/group) from the same production unit. The circumstances of this episode were similar to those of the previous episode of paralysis, occurring after transportation to market. Five paralyzed swine were submitted to the ISU-VDL for necropsy and complete examination of the spinal cord and spine. The spinal cords were removed following dorsal laminectomy, and the spines were sectioned longitudinally with a bandsaw in a dorsoventral vertical plane. Sections of vertebrae, intervertebral disks, and the entire spinal cords from all 5 pigs were fixed in 10% neutral buffered formalin. Vertebrae were demineralized in a 25% aqueous solution of formic acid, and all tissues were embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin. Replicate sections were stained with Alcian blue at pH 2.5 to identify fragments of nucleus pulposus.
The gross and microscopic lesions are summarized in Table 1 . Grossly, all swine had 1 or more collapsed intervertebral disks in the thoracic or lumbar spine ( Fig. 1 ). Collapsed disks were narrowed (cranially to caudally), and the nucleus pulposus was replaced by hemorrhage. Affected thoracic and lumbar disks in pig 3 and an affected lumbar disk in pig 5 were bordered by moderate spondylosis along the ventral aspect of adjacent vertebrae. Pig 5 had a 1-cm-diameter sequestrum surrounded by purulent exudate adjacent to the annulus fibrosus along the dorsal aspect of 1 lumbar vertebral body ( Fig. 2 ). Pigs 4 and 5 had single foci of discoloration in the cranial thoracic and midthoracic spinal cord, respectively; these foci were only evident on crosssection. Microscopically, most of the affected disks examined from pigs 1, 3, 4, and 5 contained remnants of nucleus pulposus mixed with fibrinohemorrhagic and/or purulent exudate. In pig 5, the purulent exudate in the disk contained numerous gram-positive long to short bacilli and a few gram-positive coccobacilli. In most abnormal disks, the annulus fibrosus was somewhat frayed and contained multifocal infiltrates of lymphocytes and degenerate neutrophils. Immature fibrovascular tissue containing numerous congested vessels, aggregates of neutrophils, lymphocytes, plasma cells, and hemosiderin-laden macrophages bordered the annulus fibrosus. The fibrovascular tissue also contained numerous dilated structures lined by endothelium and filled with flocculent, pale eosinophilic material that was stained by Alcian blue and interpreted to be fragments of the nucleus pulposus. The fibrovascular tissue extended through the adjacent fragmented hyaline cartilage and into the vertebral end plates, replacing subchondral bone and filling the medullary spaces ( Fig. 3 ).
There was marked osteoclastic resorption of subchondral trabecular bone, and in pigs 1, 3, and 5 there was moderate proliferation of new bone along subchondral trabecula. Pigs 3 and 5 had proliferation of periosteal new bone along the ventral aspects of the vertebral bodies adjacent to the intervertebral disks.
In pig 3, arterioles entered the vertebrae from the dorsal periosteal surface and coursed through the physes to the annulus fibrosus. One of these arterioles contained a cartilage embolus ( Fig. 4 ). In addition, several small, thin-walled vessels in the annulus fibrosus contained similar cartilage emboli.
Pigs 1, 3, 4, and 5 had microscopic lesions in the spinal cord, but the lesions differed in location, severity, and character. Pig 1 had only mild axonal degeneration in the dorsal funniculi of the caudal thoracic and lumbar cord; these lesions were adjacent to collapsed intervertebral discs. Pigs 3 and 4 had symmetrical foci of myelomalacia involving the ventral funniculi and gray matter of the ventral horns, which were associated with cartilage emboli from nucleus pulposus; lesions were adjacent or cranial to collapsed intervertebral disks (Fig. 5 ). In pig 3, the necrotic focus was characterized by numerous dilated axon sheaths and swollen axons, small aggregates of gitter cells, and early proliferation of fibrous astrocytes, especially in the affected gray matter of the ventral horn. In pig 4, the focus of necrosis in the cranial thoracic cord was extensive, involving the ventral 60% of the cord. It was characterized by numerous dilated axon sheaths and swollen axons, but little glial reaction. Both pigs 3 and 4 had cartilage emboli within arterioles and capillaries in and adjacent to the necrotic foci, but they were more numerous in pig 4 than pig 3. In addition, the cartilage emboli in pig 3 were adherent to the luminal surface of the vessels and had been partially covered by endothelium, indicating they had been present longer than those in pig 4. Pig 5 had a focus of myelomalacia and purulent myelitis in the midthoracic cord cranial to the collapsed lumbar intervertebral disk; cartilage emboli could not be demonstrated in this lesion.
Ischemic myelomalacia due to cartilage emboli has been reported in several species, including swine. [3] [4] [5] [6] 9, 10, [14] [15] [16] Like-wise, diskospondylitis has been recognized in many species. 1, 2, 8, 12, 17 However, this is the first reported case in which ischemic myelomalacia due to cartilage emboli is associated with diskospondylitis. The mechanism by which fragments of nucleus pulposus gain entrance into the spinal arterial system in dogs, humans, and other species has not been determined. However, the prevailing theory is that high intradiskal pressure forces the semifluid nucleus pulposus into small vessels in the annulus fibrosis, forming cartilage emboli. 11 These emboli travel retrograde through the arteriole that supplies the annulus fibrosus to its origin at the ventral spinal artery. Once the cartilage emboli gain access to the ventral spinal artery, blood flow carries them cranially into the arterial branches that supply the cord, resulting in infarction. The presence of hemorrhage in the disks and emboli of nucleus pulposus in small vessels within the annulus fibrosus and in an arteriole adjacent to an inflamed disk in pig 3 is consistent with this hypothesis. It has also been suggested that herniation of nucleus pulposus into arterioles within the annulus fibrosus is more likely to occur in animals that have increased vascularization of the annulus due to chronic degeneration. 7, 11 In the pigs reported here, chronic inflammation contributed to increased vascularization in and around the affected intervertebral disks.
Diskospondylitis is usually caused by hematogenous localization of bacteria in the intervertebral disk. 12 The intervertebral disks were not cultured for bacteria at necropsy in these pigs. However, bacteria were recognized in the exudate within the inflamed disk and vertebra in pig 5. Whether bacterial infection was involved in pigs 1-4 is not clear; how-ever, the chronic purulent inflammation present in pigs 3 and 4 is consistent with bacterial infection. The type of exudate, the proliferation of fibrovascular tissue, and the bone resorption in the disks and adjacent vertebrae indicate that diskospondylitis in these swine was chronic and, therefore, preceded the rupture of the intervertebral disks and embolization of nucleus pulposus. It is hypothesized that these swine developed diskospondylitis as a result of hematogenous localization of bacteria in the intervertebral disks or adjacent vertebral end plates, and because the affected disks were weakened due to chronic inflammation, they ruptured from trauma that occurred during handling and transport. This rupture forced fragments of the nucleus pulposus into small vessels of the annulus fibrosus; these fragments then moved retrograde into the ventral spinal artery and subsequently into its branches, resulting in infarction of the spinal cord.
The size and carcass characteristics of these swine may also have contributed to generation of cartilage emboli. In dogs, cartilage emboli most commonly occur in large and giant breeds. 5, 13 Because these swine were very large and from a high-lean, heavily muscled genetic line that had a rapid growth rate, contraction of the spinal muscles during handling may have generated excessive intradiskal pressure, resulting in collapse of an intervertebral disk that had been weakened from chronic inflammation.
All of the lesions in the spinal cords of these pigs were not necessarily caused by cartilage emboli. The foci of myelomalacia evident in pigs 3 and 4 were clearly associated with cartilage emboli, and the location of the cord lesions adjacent or cranial to the diseased intervertebral disks is consistent with embolization. However, because the cord lesions in pig 1 were anatomically associated with the diseased intervertebral disks, they may be the result of direct mechanical injury secondary to focal stenosis or instability caused by diskospondylitis. The specific mechanism involved in production of the cord lesions in pig 5 is not clear. It may have been the result of a cartilage embolus that was undetected, an embolus of exudate from an inflamed disk, or a coincident focus of inflammation. In summary, diskospondylitis is a lesion that can predispose an animal to collapse of intervertebral disks, with subsequent embolization of nucleus pulposus to the spinal cord.
